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Purpose/Objective: Phase based sorting of four dimensional 
computed tomography (4D-CT) datasets is prone to image artefacts 
due to patient's breathing irregularities that occur during the image 
acquisition. The purpose of this study was to investigate the effect of 
the Varian Normal Breathing Predictive Filter (NBPF) as a 
retrospective phase sorting parameter in 4D-CT. Currently the NBPF is 
set prospectively to filter irregular breathing during scan acquisition 
and has not yet been evaluated as a retrospective tool. 
Materials and Methods: Ten 4D-CT lung cancer datasets were 
obtained. The volumes of all tumours present, as well as the total 
lung volume, were determined using the maximum intensity 
projection (MIP) as well as each individual phase. The NBPF was varied 
retrospectively within the available range and the corresponding 
changes in volume and image quality were assessed.The patients' 
breathing trace was analysed and the magnitude and location of any 
deep breath or cough irregularities were correlated to the behaviour 
of the NBPF. 
Results: The NBPF was found to have a considerable effect on the 
quality of the images in the MIP and each individual phase dataset. In 
some cases it was found that the default value of 20% was too 
sensitive (removing too many images) or not sensitive enough (failing 
to remove enough images) to account for different patients irregular 
breathing patterns. When used appropriately the NBPF was found to 
have the ability to account and correct for image artefacts caused by 
irregular breathing. However, when turned off (0%) or set above a 
critical level (approximately 40%) it results in erroneous volume 
reconstructions with variations in tumour volume of up to 26.6%. The 
behaviour of the NBPF correlated with the magnitude of the 
irregularity observed (r = 0.84), which suggests the filter is sensitive 
to amplitude irregularities rather than irregular breathing periods. 
Those phases associated with peak inspiration were found to be far 
more susceptible to changes in the NBPF then those near end 
expiration, with the 10% phase bin being the most heavily affected by 
the filter. 
Conclusions: The NBPF settings selected prior to exporting the 
breathing trace for patients evaluated using 4D-CT directly affects the 
accuracy of the targeting and volume estimation of lung tumours. 
Retrospective adaptation of the NBPF was found to improve the 
quality of the reconstructed 4D-CT set and the accuracy of tumour 
volume estimation in cases of severe deep breath irregularities 
compared to the set default value. However, care should be taken to 
ensure the correct filter level is chosen. The clinically useful range 
was found to be 5-40%, where a filter level outside this range could 
result in poor image sorting for accurate volume definition. A protocol 
is recommended to address potential errors in patient anatomy 
introduced by breathing irregularities by implementing the proper 
settings and use of this tool.  
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Purpose/Objective: Stereotactic radiotherapy of the lung uses daily 
cone-beam CT (CBCT) scans to verify and localise lung tumours 
receiving a hypofractionated dose of radiation. The appearance of 
these tumours on the CBCT may depend upon the respiratory motion 
and the speed of the scan. The aim of this work was to investigate the 
size of a moving tumour on a CBCT scan for two scan speeds and a 
range of sinusoidal motions. This will allow our centre to optimise our 
online imaging strategy for this group of patients.  
Materials and Methods: A moving lung tumour was modelled using a 3 
cm plastic sphere embedded in a wooden cylinder. A respiratory 
gating platform generated a sinusoidal motion in the superior-inferior 
direction with varying amplitudes and breathing periods. Ungated 
CBCT scans of the tumour were acquired using the on-board imaging 
facilities of a linear accelerator. CBCT scans were acquired at two 
speeds: (i) Fast CBCT: 660 projections at 6o per second and (ii) Slow 
CBCT: 840 projections at 3o per second. In addition, (iii) CT-MIP: a 
maximum-intensity projection image was acquired using a 
retrospectively gated fan-beam CT scan. On each scan the appearance 
of the tumour was quantified by acquiring a line profile along the 
direction of motion.  
Results: Figure 1 shows the line profiles acquired through the tumour 
moving with an amplitude of 2 cm peak to peak and a period of 5.7 
seconds. On the CBCT scans the intensity of the image is peaked 
around the centre of the sinusoidal motion and falls off towards the 
periphery. There was no perceivable difference in the images using 
the slow and fast CBCT scans.  
 
  
 
Conclusions: The amplitude of a moving tumour on an ungated CBCT 
scan may appear smaller compared to on a CT-MIP. This will occur if 
only a very few number of the raw image projections are acquired 
with the tumour at the extremes of motion. For image guided 
treatments the tumour may falsely appear to be inside the planning 
target volume (PTV) when in reality it is moving outside of it. It is 
important that the tumour is positioned centrally inside the PTV 
during image guidance. Our results suggest that there is no additional 
benefit of using a slower CBCT scan to improve the appearance of the 
moving target. This work will inform our online imaging strategy for 
stereotactic lung treatments.  
   
EP-1239   
Dosimetric evaluation of motion effects on different treatment 
techniques for breast cancer with integrated boost 
S. Graydon1, S. Lang1, S. Verlaan1, M. Malla1, C. Glanzmann1, S. Klöck1 
1Universitätsspital Zürich, Radiation Oncology, Zurich, Switzerland  
 
Purpose/Objective: Dosimetric comparison of volumetric modulated 
arc therapy (VMAT), intensity modulated radiation therapy (IMRT) and 
3D conformal (3D) technique for hypo-fractionated breast 
radiotherapy with simultaneous integrated boost. A high resolution 
detector system evaluated robustness of these techniques under 
simulated breathing conditions. 
Materials and Methods: Five patients were selected of varying breast 
size (276 cc, 630 cc, 955 cc, 1012 cc and 1340cc). Plans were 
optimized to meet criteria from the Radiation Therapy Oncology 
Group (RTOG) trial - 1005. Quality assurance for plan robustness was 
performed using a Delta4 phantom on a moving couch top. A breathing 
amplitude of 6mm (Inhale to exhale) and a breathing frequency of 
once every 5 seconds was used. A gamma score (GS, 2mm/3%) of 95% 
was considered acceptable. Further analyzed was the dependency of 
dose rate, gantry angle and amplitude on GS. 
Results: PTV coverage was comparable for all techniques. All plans 
achieved RTOG-1005 objectives. VMAT delivered significantly more 
dose to the contra-lateral breast (p < 0.01) and the contra-lateral lung 
(p < 0.01) compared to the other techniques. GS for the static 
phantom control measurement were equally good (VMAT 98.8% ±1.1%, 
IMRT 99.8% ±0.5% and 3D 98.1% ±4.9%). Using the maximum dose rate 
(DR) for all fields, RA was most robust against motion (VMAT 95.4% 
±4.5%, IMRT 93.6% ±8.8% and 3D 91.3% ±16.4%). For IMRT and 3D 
fields, the tangential fields were very robust (GS: 97.8%± 1.9%), 
however fields with less than 100 MU were sensitive to breathing 
motion (GS: 84.2%±19.9%). A decrease in dose rate for these fields 
from 600 MU/min to 100 MU/min improved the GS (e.g. IMRT from 
69.5 % to 91.5 %). When amplitude was varied, tangential 3D fields 
with large number of MU (>150MU) were most robust with the GS 
dropping below 95% at 16mm. (RA: 10mm, IMRT (>150MU): 6mm). For 
IMRT, when DR decreased from 600 to 200 MU/min GS improved (DR 
600: 6mm, DR 200: 16mm). Fields perpendicular to breathing motion 
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(90°) are most disturbed (GS: 83%) and fields parallel to motion least 
disturbed (GS: 100%). 
Conclusions:  
• All techniques fulfill RTOG 1005 guidelines 
• In static condition all plans show equally good QA results 
• For RA: 
– Inherent „low dose bath', increased dose to both contra-lateral lung 
and breast. 
– Dose distribution most predictable concerning breathing motion 
(Long delivery time, averaged over many angles). 
• For 3DCRT and IMRT: 
– Fields with low number of MU are disturbed by the breathing motion. 
This effect can be minimised by reducing the dose rate for these 
fields. 
– Fields perpendicular to breathing motion most disturbed. 
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Purpose/Objective: Intrafractional movement, especially for SBRT 
treatments, is often managed using gated radiotherapy treatment. 
The two principal gating methods are (1) amplitude-based gating and 
(2) phase-based gating. The decisions as to which gating method is 
more suitable for a certain patient, whether to gate at the point of 
inhalation or exhalation, and the extent of the gating thresholds have 
to be made prior to the first treatment. An automated breathing 
curve analysis is therefore desirable to assist decision making. Also, 
the robustness of the commercially available gating software should 
be checked independently, especially in regards to the precision and 
reproducibility of the selected gating thresholds. 
Materials and Methods: Varian’s Real-Time Position Management 
(RPM) software stores the breathing curve along with other relevant 
parameters (time, phase, gating signal, beam on/off) in a file which 
can be exported for further analysis. Mathematica 8 was used to 
process this file. Its output provides the user with a graphical output 
of the following information: Frequency of outliers, phase stability, 
amplitude drift, and standard variation around the trend line. 
Moreover, it will show how reliable Varian’s online phase 
determination was at the time of CT acquisition. With the phase 
information from RPM and the manually selected points of maximum 
inhalation at CT simulation the automated breathing curve analysis is 
able to calculate the relative phase shift between them. 
Results: The results of this study are twofold. Firstly, the graphical 
output of the automated breathing curve analysis aids the user in 
making an informed decision as to which gating method to use and 
what thresholds would be appropriate. It is impossible to know at the 
time of CT acquisition which thresholds would be appropriate and the 
initial, arbitrarily chosen, thresholds in the reference breathing curve 
can easily be modified with the help of the developed tool. Secondly, 
a potentially dangerous inconsistency of the RPM software is 
identified. It was found that the online phase determination heavily 
depends on the initial breathing pattern immediately after the 
software starts tracking the breathing signal. As this pattern 
varies,the initial conditions might not be representative, causing an 
arbitrary phase shift between CT simulation and RPM’s online phase 
determination, which therefore can lead to an inversion of the 
originally selected gating thresholds.  
Conclusions: An automated breathing curve analysis was developed, 
which aids the user in making an informed decision about the 
appropriateness of a certain gating method for a specific patient. It 
was found that the phase determination of Varian’s RPM software is 
unreliable and can therefore cause unnoticed misdelivery of radiation, 
potentially causing significant harm to the patient. 
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Purpose/Objective: To evaluate the dosimetric effects of target 
motion in TomoTherapy radiation treatment planned with and without 
the internal target volume (ITV). 
Materials and Methods: A programmable dynamic phantom was 
developed to simulate breathing motion. Treatment plans were 
created for a 3 cm spherical target including an isotropic margin of 5 
mm and a C-shaped target such that at least 95% of the target volume 
received 2 Gy per fraction using pitch = 0.287, modulation factor = 2.0 
and 1 cm field width. The plans were delivered to the static phantom 
and dynamic phantom with two sinusoidal breathing patterns 
(amplitude = 0.75 cm and 1.0 cm, period = 6.0 sec). Absolute dose at 
the centre of the target was measured by a 0.057 cc A1SL ionization 
chamber and dose distribution in coronal and sagittal planes were 
obtained using radiochromic film. For each breathing pattern, a 4-
dimensional CT (4DCT) was performed and treatment plans were 
created using the respective ITV. The measured dose and dose 
distribution were compared with those planned without using ITV. 
Results: For treatment deliveries planned without using ITV, the 
measured point dose discrepancy varied between +1.9 ± 1.0 % and -1.3 
± 3.9 % for the spherical target moving with amplitudes of 0.75 cm 
and 1.0 cm respectively. Using ITV for planning, the point dose 
discrepancy was between +1.1 ± 0.3 % and -0.7 ± 0.9 %. In the gamma 
analysis (3% / 3 mm) of film measured dose distribution, the overall 
gamma passing percentage was found to have improved from 53 % 
without ITV to 80 % with ITV, for the spherical target with a motion 
amplitude of 1.0 cm. Additionally, the dose coverage to the target 
region was more adequate using ITV. However, depending on the 
motion amplitude, the planning target volume was 2-3 times larger 
when planning with ITV in this study. 
Conclusions: Treatment of moving target by TomoTherapy without 
accounting for target motion may result in unsatisfactory target dose 
distribution and inter-fraction dose variation. Planning using ITV 
contoured with 4DCT images can improve the dose and dose 
distribution in the target. 
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Purpose/Objective: In-vitro studies indicate that flattening filter free 
(FFF) photon mode has no detrimental effects on cell survival. 
Removal of the flattening filter achieves dose rates of up to 2400 
MU/min for 10 MV photons. This poses the possibility of delivering 
larger doses during short duty cycles in respiratory-gated radiation 
therapy, shortening overall treatment time and reducing the margins 
of clinical tumor volumes when treating abdominal sites. The 
following study investigates the outcome of gated radiotherapy in 
comparison to standard treatment.  
Materials and Methods: To test the dosimetric and radiobiological 
effects of gating, Quasar’s Respiratory motion phantom is used with 
complementary software enabling movement that simulates patient 
respiration. A custom insert accommodating cell samples or OSLDs was 
made for use in the phantom. Respiratory traces of 10 patients were 
simulated on the phantom during CT scans and radiation treatment. 
The moving phantom was scanned in cine mode with Varian’s RPM 
system tracking the respiratory motion, which enabled the phase 
binning and reconstruction of the CT images. All planning was done on 
Varian’s Eclipse platform for treatment on their True Beam linac. A 
GTV, PTV and mock organ (liver) were contoured on the phantom in 
all respiratory phases for each patient trace. The three duty cycles 
chosen for gated treatment are as shown in Figure 1. 
 
Figure 1: Phase binned respiratory trace with 0-20/80-90%, 40-60% and 
30-70% duty cycles represented. 0% represents maximum inspiration, 
50% maximum expiration. 
All plans use a field with 10MV photons in FFF mode, and a 180-315º 
gantry rotation. VMAT optimization was done for the three gated plans 
and a non-gated plan, with a prescribed dose of 1000 cGy to the PTV. 
Plan outcomes required no hot spots outside of the PTV and doses to 
